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ABSTRACT 



An active matrix drive circuit includes a clock clemeni 
arranged so as to generate a clock .signal CK; a shili ici;is»cr 
including a chain ofconirol shifi elements having respcciivc 
outputs; and a .series of driver stages coupled to said outputs 
and controllable hy ct)nirol signaK for sanipltiig ;mi inpui 
signal and for supplying I he sampled signals ui a corre- 
sponding -scrie.s of lines. Lach of ihc driver stages i.s as.so- 
ciaied with a respective one ol'ihe coniriii shil'i elenienis :tn^l 
is locally controlled hy a plurahly ;litleretH control sign.ils 
derived iVoni sign.il.s iiener.ileJ hy >aitl one coiuiol shif. 
element and/or ai least tine local control shili element in the 
vicinity ol said one conirt^l shift olenieni in the shil't register 
in response to clocking ot' \W ^\\\\\ Kgi.Niei lu' the ^lock 
signal CK. 
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ACTIVE MATRIX DRIVE CIRCUIT 4,612,659, u» lonn the data line Orivcr tircuii 5 Iritm a s|uh 

register 9 composed of a cascaded chain ol" l)-iv|h; Hip- Hops 

TECHNICAL FIELD OF THE INVENTION (l)FI-'s) and a hank 10 nl" daia lin^- drivers in ihc forni <^r 

^. . . J . . ,r TFr's 12 for samplini' an analogue video (AVI I )LO) NiuMal 

Hiis invenUOD relates to drive circuits for active matrix ^ ^^arging the corresponding data lines 4 having a.^soci- 

devices and is concerned more particularly, but not ' aied parasitic capacitances 13 as shown in hrokcn hncs ,n Kk- 

exclusively, with drive circuits for active matrix liquid smallligure. In operation the shift reuisic-r V is iniii;.l.sccl in 

crystal displays (AMLCD's). ^ horiz-ontal synchronisation siyinal MSYN( " such ihai iIk- 

The drive circuits of the invention can be used to generate outputs of all hui one ol* ihe Ol 'l "s 1 1 iire sci :ii .i fow l.-uiv 

the control and data signals for Ihin-film display panels and levd *0' and the ouipui of ihe ri niainini; Dl l 1 1 is s<m .n :t 

two-dimensional imaging equipment, for example, and find high logic level ' ! ITic shift register 9 is ihen clocked hy 

particular application in computer graphics displays receiv- a clock signal CK at the pixel data rate frequency whicii is 

ing digital RGB data. In such displays, digital data driver equal lo small iVNxM II/. uiure f die rrar.)e r:i:e i:':!k 

circuits are provided which may be implemented in separate display. This causes ihc Oi l 1 1 having iis (mipui ai Icwl 1 ' 

large scale integration (LSI) driver chips mounted on the ,^ and the following Ori- II having ils^outpui ui level 0" i.i 

display panel, or which may aliernaiively be integratcdon change stale, st» thai the level • i 'ellcciivcly circulates wniim 

the display panel in the form of thin-film transistors (TFT) ihc shift register 9 ai the clocking frequency, and as :i rcsuli 

using silicon-on-insulator (SOI) technology, and preferably sequential pulses are generated for application to the data 

the emerging polysilicon technology. In either of these two lines 4. Such a point-at-a-timc driving scheme is widely used 

alieroaiive implementations, the digital data line driver ,,j for analogue displays ol small si/e or |.m pj\fl ro^oiijiiiMi 

circuits must be adapted to convert the data input in the form ' Scvetal impotvcincus u, micIi a Jiaiii- -^-U^rA. ...w. 

of parallel digital data into analogue voltages to be applied ^cen proposed. U.S. Pal. No. 4JHf,2')f discloses a data line 

10 the pixels of the display by means of digital-to-analogue driver circuit having a shift rci:isier con.sisiini: <.f a chain A 

(D/A) converters. Although the construction of the 0/A master-slave llip-tlops with both the master ouipiit :Mut ihe 

converters ased may vary, most n/A converters require more si^ve output of each tlip-tlop being used lo control the data 

than one (pixel frequency) control signal for successful " [jn^ drivers, thus enabling ihe clocking rate of ihe shili 

operation, and the driver circuits of the invemion are par- register lo be reduced, li is now a.inniun piaciic. lo, Uk 

ticularly advantageous in such circumstances. « shift register of such a data line driver circuit to be compo.setl 

DESCRIFHON OF THE REUVTED ART ' ^ '^•l'^ ^[ lajches. Also, in order to minimi.se both ,hc 

\\) capaeitative loading o| the clock luie !mu;s a;ul i:k p.'Uv' 

FIG. la shows a typical AMLCD 1 composed of N rows consumption of the circuit, ii is known lo j;>p!y smr- 

and M columns of pixels addressable by scan lines 2 controlled clocking schemes lo ihe sUlw jt-^iski I \- 

connected to a scan line driver circuit 3 and data lines 4 example U.S. Hai. No. 4,74().vl.S dl>cl^•^cs a daUi h.il vlnw. 

connected to a data line driver circuit 5. Data voltages are circuit comprising a lirsi shift register which is spin nno 

applied to the data lines 4 by the data line driver circuit Sand 35 smaller banks of DFI's or latches and a fnri her shift regisicr. 

scan voltages are applied to the scan lines 2 by the scan line operating at a lower frequency ihan the Orsi shift reiiiMer. 

driver circuit 3 so that such voltages in combination serve to which is used lo select ivei> apply a clock signal u>eaeh liank 

apply analogue data voltages lo the pixel electrodes 6 (as of DFF's or latches. However, in all these circuit 

best seen in the enlarged detail of a part of the display shown arrangements, ii is only the ilip-Mop ha\-ing iis ouipti: ai i!ic 

in FIG. 16) in order to control the optical transmission states 40 -1' level and the llip-llop having a 'i* ai iis inpui which 

of the pixels along each row as the rows are .scanned in a require clocking in response lo c.tct*. clock piilst 1 U< 

cycUcally repeating sequence. This is achieved as follows shows a data line driver ciivuii 20 in which ilte iiipui .mJ 

for a single row of pixels. The data line driver circuit 5 reatis oitipiu iifcach I )1T 2 I i.^ ct"i|ik\t i.- .1 ils|\ m;'r! - ; 

a line of data to be displayed by the row of pixels and applies associated OK gale 22 which conirols a pass *j,aie 2} s.i as 

corresponding data voltages to the data lines 4 .so as to 45 to ensure that only the required Dl l 's 21 are elocked In 

charge up each data line 4 to the required data voltage. The each clock pulse, as disclosed by T. Maekawa, Y. .Nakayania, 

scan line 2 corresponding lo the row of pixels to be con- Y. Nakajima, M. Ino, II. Kanekt), M. :>au»li aiai M. 

trolled is activated by the application of the scan voltage by Kobayashi, A 1.35-in. -diagonal wide-aspeci-raiio poly-Si 

the scan line driver circuit 3 so that a TFT 7 a.ssociated with TPr LCD with Sl.*^ k pixels', .iourna I. Pages 414-4 1 7, I'/M. 

each pixel is switched on to transfer charge from the 50 The complexity of the dai:i line drivers ot" micIi 'J. ii : ii'u 

corresponding data line 4 to a pixel storage capacitance 8 (as driver circuiis is depeiKtcni on the si/.e and rcMmiUoh ..| i\k 

shown in broken lines in the figure) associated with the display and whether ihe display inicrface t> aiuiK'i^uc ..r 

pixel. When the scan voltage is removed the ThT 7 isolates digital. As already meniioned. iht \ery s:inplc J.ii.i :i:K 

the pixel storage capacitance 8 from the data line 4 so that drivers of ilie poim-ai-a-tinn. dri'. itig -^cheiin.- » f liti 2 ..u 

the optical transmission stale of the pixel corresponds to the 55 adequate for jualocin. vh^ptavs .Mnali si/c oi u>\\ 

voltage across the pixel storage capacitance 8 until the pixel re.soluiion. Ihiwcvcr, lor a lint-ai-j-hnie Jri\ m-j. >lIk i.v. 

is refreshed during the next scanning frame. The rows of such as that of A. Lewis and W. Turner, Driver circuits lor 

pixels are refreshed one at a time until all the rows have been AMLCD's'. Journal of the Society for InlVtrmaiion Display, 

refreshed to complete refreshing of a frame of display data. Pages 56-()4, 1995, more complex data line drivers are 

'ITie process is then repeated for the next frame of data. (,•:; required, and ihis nLi.evs(i..ics an in.Tc.isvii lanr'v .•; 

It is known, for example from European Publishetl Paieni irol signals lor conirolhng the operation of ihe circuti I 01 a 

Application No. 0678845, to form the data line tiriver circuit typical jiialouue Inie-ai-.i-iiuK *!a>a hue ^ lictn'. cav h 

5 from a shift register 9 and a bank 10 of data line drivers data line driver ctimpn.ses iwo capaciiaiivc nieiiioiy ele- 

(one driver per column of pixels). Furthermore the scan line meiiis for .*«io ring .sample simud.N anti iu:t Jai.i !iiK bi.iy.is 

driver circuit 3 typically consists of a shift register 14 and a 0.^ apply '^ig the .stored sample signals to ihe tiaia linens, atul. in 

bank 15 of scan line buffers (one buffer per row of pixels). addition to the pixel daia rate sampling pulse, control signals 

Furthermore it is known, for example from U.S. Pat. No. are needed to select which ot the iwo capacitaiivt incnit>r> 
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elemeats is used and which of the two da la line buQ'ers is 
enabled. These control signals generally operate at the line 
frequency of the display. 

FIG. 4 shows the general architecture of a digital linc-at- 
a-time data line driver circuit 30 which comprises an input 
register 31 to which digital video data is supplied in 6 or 8 
bit RGB formal, a storage register 32 in the form of digital 
latches, and digital-to-analoguc converters 33 connected lo 
the outputs of the storage register 32 and supplied wiih 
reference vohages for applying data to the data lines by way 
of output buffers 34. As the digital data bits arc supplied to 
the input register 31, they are stored in the register 32 and, 
when a whole line of data has been stored, the contents of 
(he input register 31 is transferred to the storage register 32 
in order to control the D/A converters 33. In the case of small 
screen displays, the D/A converters may be connected 
directly to the data lines so as to charge the data lines by 
simple charge sharing, although output buffers arc required 
for higher performance displays. Control logic 35 is pro- 
vided for controlling the input register 31, the storage 
register 32, the D/A converters 33 and the buffers 34 un 
receipt of appropriate control signals. 

The 0/A converters may be parallel converters, such as 
converters based on binary weighted capacitances as dis- 
closed by Y. Matsueda, S. Inoue, S. Takenaka, T. Ozawa, S. 
Fujikawa, T. Nakazawa, and H. Oshima, Low -temperature 
poly-Si rFF-LCD with integrated 6-bit digital data drivers'. 
Society for Information Display 96 Digest, Pages 21-24, or 
converters based on voltages as disclosed in U.S. Pat. No. 
5,453,757. Alternatively the D/A converters may be serial 
converters, such as the ramp and counter converters as 
disclosed by A. Lewis and W. Turner, 'Driver circuits for 
AMLCD's' referred to above, or conveners based on a 
switched capacitor algorithm as disclosed by R Allen and D. 
Holberg, 'CMOS Analog Circuit Design', Harcourl Brace 
Jovanovich College Publishers, 1987. Each type of con- 
verler has unique benefits depending on the di.splay perfor- 
mance required and on the process technology used. The 
circuit of the present invention is particularly advantageous 
when used in a digital data line driver circuit employing a 
serial algorithmic switched capacitor D/A converter because 
of the requirement for a number of control signals which 
operate at the pixel data rate frequency. 

The control logic 35 of FIG. 4 receives external control 
signals, such as the frame synchronisation signal VSYNC 
and the line synchronisation signal HSYNC, and generates 
global control signals for ihc input register 31, ihc storage 
register 32, the D/A converters 33 and the buffers 34. FIGS. 
5a and 5h show possible arrangements for generating such 
global control signals, such as are disclosed, for example, by 
F. Hill and G. Peterson, Digital Logic and 
Microprocessors', John Wiley and Sons, 1984. In the 
arrangement of FIG. 5a, which is typically used when many 
different control signals are required, a counter 36 is driven 
by a clock signal so as to provide different output 
signals BO . . . BN, and combinational logic 37 combines the 
counter output signals in such a way as to produce the 
desired global control signals G1,.G2 ... In the state- 
machine arrangement of FIG. 5b, the clock signal is supplied 
to N J/K flip-Hops 38 of a shift register having outputs 



in • 



be limited by ihc capaciiativc loading per signal, zjiid in 
addition the necessary circuit compleviiy intrinluced bv such 
arrangcnicnis increases l>Hh the implenicmaiittn arc;i aiul 
the cost of the circuit, as well as tending to increase \v\\w( 
consumpiiim. 

SUMMARY OF 'mi£ INVLNTION 

It is an objcci of the invent ion to prnvitle. a nuvel iKiive 
matrix drive circuit which prttvidcs a miiniiei i>r ad\ jiiiiii;e.*. 
in use. pnrticuLirlv when iKed t"»ir lunimliihic drive v ire'i.K 
of TFI' rCI)\. .^liv h :is pnlysilienii AMI CD'S 

According to the prcscni invent ion there is prtu'itle<l A\^ 
active matrix drive circuit comprising clock means lor 
generating a clock signal, a *^hif i register eoniprisJiii: :i c\\m:\ 
of control shift elements having resjvciive out puis. Mui j 
series of driver stages couj>led in saul outputs anil eonirol- 
table by conirtj! signals inr smnphng :in input Mgn:il uiu^ lor 
supplying the sampled signals lo n correspomling seiies dC 
lines, wherein each of Hie driver stages is associitleil uiili a 
respective one of the control shift elements and is locallv 
contrt>lled b> a plur.ihl\ o\ dillerenl c'lHiiroI .Mt:o.iN tk r.\ (. J 
from signals generated by .>did oDv conlfoi .^lult eieiiiciK 
and/or at least one local control shift clement in the vicinity 
of said one control shift elemeni in the shili register mi 
respt>nse to clocking of ihe shifl regisier by the clock signal. 

Such a circuit provides a number orsignilicdni jd\ j nidges 
as compared with prior arrange met Us such as thuNw 
de.scribed above wiih reference lo I K IS. 5;-/ ;Mid 5h in which 
global control signals are generated by a gk»bal counter 
and/or combinational logic. Since the circuit of the invtmiitn 
allows the a>ntrol signals lo be geiieratetl KvalK. u nKif-'i 
advantage of the inveiilion is itie reduction m inipteiiienUi' 
tion area broughl aboul by ibe niininiisalion of svsiern 
complex it v. As il is nol necessarv lo use an evira eonnier ,uul 
combinational logic, the display bevel width ret^uired lo 
implement the drive circuit can be minimised. I'unhermore, 
by reciucing the use of gK>bai signals, it is po.ssihle lor hiiiuef 
pertorniance inierniNnl opti .it nig I ivt,in. n^. \ i.tt'v ....i.-LVka 
due lo ihe capiiciuili\ e loadiiii: pei ^ignjl I'e.ni: :i-l 
the sign J I rise .Olil \:\]\ 1ii;k^ 'kmii^ kisf^r i .(1!r : nn k- : 
average length ol ihe sigiul Imes eaii he lediiccJ. 
eliminating signal lime .skew problems. These advantages 
are particularly signit'ieani in digital daUi line tlriver eircuiis 
which are iniegr.iled in itiin-lilin dispLivs. mjJi .i^ 
polysiliciin-ixi.sed .AMI .( I )*s. 

Furthermore the circuit of the invention will lend tocau.se 
ad i ace 111 line drivers ic ei tiiinience ihcir <MH.-rative ».yele ji 
data rale clock inlcr^'als, and ihis will have ihe ellecl ol" 
smoothing the power J.i.ssipaiion ol" ihe ^ircinl, 1*1)1^ .s .;i 
contrast to ihe u ay ihal the niaiorih of omw niion.ii .iiLiit jt 
drive circuits operaie uhere adjaceni I) . \ conwrier^ are 
clocked simullaileuusly. As a result ihe ciivuil »'| ihe tii^ei.- 
lion may bring aboul a letkiciion in ihe anioitiii «»! xnhage 
supply compensalitin and mininii.sc swiiehing iiiierlVreiKv 
on the data lines 

In one embodiineiii of ihe invent ion, each of ihe ^Iri^er 
stages is localK eonli\'ik-ci tn .it ie.l.•^l "i,e ciii;:?. m;j;i.i; 
generated by .said <uie coiilrol nIuH eieiutiil aiul .i' 'ik 



connected to inputs of combinational logic 39 as shown so oo further control signal generated by at leasi ^me local count 'I 
as to generate N global control signals with a total of 2'*' 
Slates. However such known arrangements for producing 
global control signals suffer from a number of 
disadvantages, particularly when used in a circuit in which 
many different control signals are required at different 
locations within the circuit. Such disadvantages include the 
fact that the operating frequency may 



shift elemeni immedialely jdiaeeni s.iiil ^ne eiMiCdl >,iiiu 
cleMienl in ihe sh ill leiijsk r 1 • ij vjiiipk . i. .ich . -t i-a .i. . w : 
-Stages may be locally controlled by .ii least one v'-)!!.-! 
signal generaietl b\ ^.tic! ;itie OMMrnl shifi v-Ieine-;:. .f' k 
one further control signal generated b> at ka.--! fiK |.'»..il 
control shifl clement immediately preceding said one local 
ci)nlrol shift element in the shill rei:ist(.r. and at kasi oin. 
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further conlrt)! signal geoeraled by al least one control shift control elements along a row in u I'lrsi sulipcnctcl ot a 

element immediately following said one control shift ele- corresponding line period and for supplying said da la sigii:i Is 

ment in the shift register. to the first group of control elements in a sea)nd suh(x;r((Ki 

In another embodiment of the invention, the shift register of said line period, and second aciuaiini; means i\.r s;iin||lini: 
includes a chain of programmed shift elements having 5 and storing ihc input signal to produce data signals U.i .i 

outputs which are set to define a control signal pattern on second group of control elements along said row in a second 

receipt of a reset signal, and each of the driver slages is subperiod and for supplying said daia signals lo Hk scc<md 

locally controlled by at least one control signal generated by group of control elements in a subsequent subiK-riod. 

said one control shift element as a result of the control signal Such a -drive circuit is particularly advaniagettus when 

pattern appearing at the output of said one control shift used iii a iKiir-liiK-ai-.i-iinie dnviiiLi sdieine .is: ttes^. ril>eJ in 

clement on clocking of the shift register by the clock signal. Hriiisli l*aieiii Nh. ('/(»(i^fi SI \.) mikv oumi.^I l.hi 

Preferably the programmed shift elements comprise a num- conveniently he pnKliieed lo elVeci the lime ^eiiin riMl 

berof control shift elements located in an end portion of the operaiiitii of the dat;*. line drivers, anvl to w lock the s^ jii U\w 

shift register, and the output of the last control shift element drivers where a splii si.an line driving scheme is used. Mr\ 
is connected to the input of the first control shift element of i> low power operation can alsti be achieved by incorporating 

the shift register. Alternatively the programmed shift ele- appropriate state-controlled blocking su^ th:ii only sliili ^.k - 

ments are additional to the control shift elements and are nienls having a lugio k vel ' 1' ji ilieii iifpuit-i iMjttM u*. J 

located in a portion of the shift register preceding the control to Ik clocked. ^ . 
shift elements so that the output of the last programmed shift 

element is connected to the input of the first control shift 20 BRIEK DLSCKIPIION OV I Hli DKAWINdS 

element. 1^ order that the invention niav be more lullv understood. 

By specifying the control signal pattern defined by the reference will now be made, bv way of e.vample. lo lire 

programmed shift elements, the timing of clocking signals accompanying drawings, in whiJh: 

can bearbitrarily chosen and this allows for optimum D/A diagrammalicalty shows a prior art 

performance m a digital data Ime driver circuit, for example - t> j r 
by allowing longer intervals for conversion of the most 
sigaificani bits. 

In a further embodiment of the invention, each of the ^^'^'^^ circuits; 

driver stages is locally controlled by al least one contml ^ 4 shows a prior art line-at-a-time data Ime driver 
signal generated by combinational or sequential local logic " t^ircuii; 

means associated with said one control shift element in KiCiS. 5a and 5/? show prior art control arrangemenis lor 

response to input signals from said one control .shift element such a circuit; 

and/or al least one local control shift element in the vicinity pic; 6 diagrammaticallv shows a data tine driver eiivuit 

of said one control shift element in the shift register. accordance wiih the nnvniion: 

Preferably the outputs of said one control shift element and j.-,^.^ ^.^ Ih^h^.^, , lirsi cmKKlimeni Mitx :nvv ii.-o 

al leasi one local control shill element m the vicmity oi said corre.spondini; liminu dumram: 

one control shift element are coupled to inputs of said local . ^, . ■ i i . , 

logic means associated with said one control shirt element. ... , , 

^ ^ . r . - • . L-r invention and correspondim: tmie aiauram: 

In a still further embodiment of the invention, the shilt ., , , ^ > " . , 

register includes a chain of programmed shift elements ' l'*^'^- ^1'^^' ^'^ ^""^^ ^f-v.k.pme.i .1 

having outputs which are sei to define a control signal embodiment lor generating multiple uulependeni eun.rol 

pattern on receipt of a reset signal, and local pattern detec- ^'^^'^^ corresponding nmmg d.:.-^r;.p.i: 

tion means connected to the output of at least one control FIG. 10 shows a third embodiment ot ihc invention; 
shift element is adapted to generate a control signal in ^. TIGS. \\a and \\h are explanatory diai;rams showini: 

response lo detection of the control signal pattern when the possible locaii(Mis ol" programmed iliji-lit^jis in the .1 

control signal pattern appears al the output of said one the invention; 

control shift element as a result of clocking of the shift I2a and i2b show an AM LCD utilising a hall- 
register by the clock signal, line-at-a-lime driving scheme in acc{>rdance with Hrittsh 
Where the drive circuit is used in an active matrix device Patent Application No. (SI.L ^)f)(».Sfi) and corresp«Mi(linu 
comprising an active matrix of control elements di.sposed at timing diagram, 

intersectionsof data lines and scan lines, each of the driver 13^^ 13/1 ^tiou ;i lourih Lmh.Klmieru ..11:1;. 

stages is arranged to supply a data signal to a respective one invention and corresponding liming diagram, 

of the data lines in a line period determined by a scan hne ji,^^r:HonKui...i!> slu.u> .n. AMI . A) uui.s.n^ 

>^ half- line -at-a-time drivini; .scheme and incorporatinu a drive 

In a preferred application to a digital active matrix device, ^-^^^-^^ accordance with the invention; 

each of the driver stages is arranged 10 sample a digital input ^.j^.^ ^^^^^^^ .^^^^^^.^ .nibod.meni .i iIk 
signal and to store the sampled signal m a storage element, 
and digital-to-analogue conversion means is provided lor 
converting the sampled signal itf analogue format prior ti» 

supplying the signal to the corresponding data line in embotliment. 

response to a control signal supplied by sample/shift means. Dli l All bl) Ul-S( 'KIPTU )N OI' 1*111. 

Furthermore, in use of the drive circuit for sequentially INVLN IION 
addressing rows of control elements in successive line 

periods, it is preferred that each of the driver stages com- 0.^ Before describing specific embodiments of drive ^ireiiii .n 

prises first actuating means for .sampling and storing the accortlance uiih the inveniitm. reiereiice u ih 'iisi !h .r^.uk 
input signal to produce data signals for a first group of to the generalised diagram oI l Ki. 6 showing, in the lower 



invmlK'n j;k1 eorresjn iMrm^ ufj jr.i.:f . 

I U 1. 17 shows a v.:i.ti I ) A v( n\ \,ru r I.T ti>^ 
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half of Ibe figure, a detail of a data line driver circuit 40 
consisting of a shift register 41 composed of a chain of 
DFF's 42. and a bank 43 of data line drivers 44. By contrast 
with the circuit of FIG. 2, such a circuit 40 incorporates a 
bank 45 of combinational or sequential logic blocks 46 each 5 
of which is locally associated with a respective one of the 
DFF's 42 and may contain pattern detection logic. Each 
local logic block 46 receives signals from the outputs of one 
or more of the local OFF's 42 and generates one or more 
local control signals for the associated data line driver 44, m 
and the pattern detection logic may also generate one or 
more global control signals. The circuit 40 therefore oper- 
ates as a distributed controller which generates control 
signals locally, rather than such signals being generated by 
a global counter and/or combinational logic circuits as in the J5 
prior art circuit arrangements described alxive. As men- 
tioned above, by allowing for the control signals 10 be 
generated locally, the circuit complexity can be minimised 
and as a result the implementation area of the circuit is 
reduced. Furthermore, by reducirtg the u.se til* global signals. 
the invention aflords higher perlbrmance in terms ol' oper- 
ating frequency to be achieved due 10 the capaciiaiivc 
loading per signal being lower and the signal rise and fall 
times being faster. Also signal time skew problems can be 
eliminated because the average length of the signal lines is 25 
reduced. The control signals for each data line are generated 
by one of four possible circuit arrangements as will be 
described below with reference to FIGS. 7a, lb, Hb, 10, 
13a and I3b. 

FIG. la shows the fundamental construction of a distrib- 30 
uted controller 50 in accordance with a first embodiment of 
the invention incorporating a shift register 51 composed of 
M cascaded DFF*s or latches 52, the output of the last DFF 
or latch being connected to the input of the first DFF or latch, 
and the outputs of the DFF's or latches 52 being connected 35 
to a bank 53 of line drivers 54. FIG. la also shows enlarged 
details A and B of the left hand end of the controller 50 and 
the right hand end of the .shift register 51 respectively. 

In operation the shift register 51 is initialised by (he 
horizontal synchronisation signal HSYNC? such that the 4ij 
outputs of all of the DFF's 52 are set to a ()' level with the 
exception of particular Dl F's 53, such as the two end DlT' s 
in the detail A for example, which are .set 10 a * T level. It will 
be appreciated from detail A that these DKl-'s 53 arc 
hard -wired so that their set inputs S arc cttnnecicd to the 4> 
HSYNC line, asoppt)sed U) the other Ol'r's 52 which h;ivt: 
their reset inputs connected to the HSYNC line. In the 
particular example given the OFF's 53 are |x>sitioned such 
that the initial state of the .shift register 51 is 000 . , . 
0001000100010001000100011. Furthermore, as the shift 50 
register 51 is clocked by the clock signal CK, the slate of 
each DFF 52 is passed to the next DFF along the register 51, 
and the effect of such clocking on the output C of the third 
DFF 52 from the left in the detail B is shown in the liming 
diagram of FIG. lb, together with the clock signal (?K and .^.^ 
the horizontal synchronisation signal HSYNC. It will be 
appreciated that the output C incorporates a series of pulses 
of the duration of one period of the clock signal CK 
corresponding to each 'V level separated by gaps of three 
clock periods corresponding to the three consecutive (T oc 
levels, as well as a pulse of two clock periods corresp<.)nding 
to the two consecutive ' 1 ' levels. Tlie form of such an oulpm 
C is particularly useful for controlling each line driver 54 as 
will be described in more detail below. Since .such a circuit 
will tend to cause adjacent line drivers 54 to commence their 
operative cycle at data rate clock intervals, this will have the 
cfleci of smoothing the power di.ssipaiion of the circuit. As 
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a result the circuit may bring alxiui a reduction in the amituni 
of voltage supply com|)en.sation and minimise switching 
interference on the data lines. 

A key feature of such a controller 50 is thai an arbitrary 
sequence of ' 1' levels can he pre-programmed into ihc shift 
register 51 with a view to pnulucing a a)ntrol signal jiaiK ni 
for generating any required combination of muliipk- pulse 
control signals. Thus the shift regisicr 5 1 cIlLciivclv operates 
as a one-bit prt*_,ranime .sequeiiecr v\illi the mUpKl .1' e;iJ» 
element of the sequencer being u.scd sinuiliaiiei>u.sl> lodiivc 
circuils at interx'als scparaieti hy a single el(»ek (vii(Hl ({«r In 
half a clock period if lalches are u.setl in place of Mip-tlops). 

The above -described e mix K I iiii en I i.s iiselul I'tu geneniiini: 
multiple pulses on the .same signal line. However eunirol of 
complex line drivers usually involve> the u.se of more siiinal 
lines. I'Kj. Ha shows the lunJa menial consirueiion ol a 
distributed controller 60 in accordance with a .second 
emlxidimeni itl' ihe invention comprising a sluli ivciNiei 61 
composeil of M DI'T's m lalcfies 62. ami a liank 63 <>r !ijie 
drivers 64 In this entbuiliineiH Ihe oitiptils A. H. ( . I ) .m-l 
L of a number of loeat DM '.s 62 aie supplieu a.s 
signals 10 each line driver 64. as shown in lirok. n liiu-.s i:i 
FIG. Ha for one of the line drivers 64. Such an arraneemeni 
ensures the .supply of muliiple control signals, as shown in 
the liming diagram of I I G. Hh, lo each td' the line drivers 64. 
In the particular example given the out()ul ol the last Ml I- 
(not shown) isconnectetl to the input of the first DKl- nnd the 
la.sl DFF only is wired so I hat the initial state of the sliiri 
register is 000 . . . (XKKKII . One drawback of such a scheme 
is that the different signals are not independent. In fact they 
arc the same exccpl thai they are shil'iej in time reljfi\t. to 
one another. Nevertheless such a scheme is adequate for 
most hne drivers, as will be discussed in more detail Mow. 

An alternative scheme tor y^cneraling miihiple intlepen- 
dent control signals is shown in FK.i. V^/ in which N shili 
regi.slers 66 ;ire omiiLVled tn ().ii.illel, i-.k !t :^ i UU 
consisting ol" M DlT s 67. L'jch sliilt re 1:1 sit, 1 6fi ^^ tt-n- 
siructed .Si) as to be set lo jii milia! .siale em r^-^pouJrll^ \. .1 
particular set|iieiicc ol' ie\eis. I .m* e\j;Mj>l\-, :l;e .us! ^hii! 
register may hav(. an initial state (KKt . 
OOKKX)l()(KH(Kt()HKK)l(K)()ll and the la.st shili ;v-i.siet 66 
may have an initial slate (KIO 
(HM(U(ll01(l|OI()l()l(ll(t|(M I. ( Hnsideiinu Hte lltiiJ iiiie 
driver iVtini the let";, loc ev.tiiipie. :tv K'i.e Jtive: \\ V- .'Lveis-. 
output signals A . . . N from the correspond! ml' 1)1 \ \ 67 .'1' 
the N shil't registers 66, aiiJ ttle tinuiii; (.Ij.iuiMii) I lu V/; 
shows the Ibrm ot' the signals A and N in this exaiiipk In 
this ca.se multiple eoiilrol sigiutl.s are ^upplietI to e.ieli line 
driver which can be programmed to t>e independeiil ol one 
another, Ihe bit widths of the sit>red prouramnie being N. 

FIG. 10 shtiws the I'undainenlal conslructioii of a distrib- 
uted controller 70 in accortlancc with a ihird emlntdiiDeni of 
the invention which u.ses local eombinalionai or .sequenii.il 
logic. In this case the e. tnt:\i!!er 7(1 -inpi ises .1 si. Hi 
71 consisting of M Dl'l 's 72, a bank 73 oi* line drivers 74, 
and a bank 75 of local logic blocks 76. The outputs iVoni a 
number of local t)Fl-"s 72 are supplied to each of the loeal 
logic bk>cks 76, anti m each case the local logu M-vK 7^ 
performs a lt»i;ical opeiaiion v. .is in iival!\ uenti.ili <«nti- 
tiple conlrol Mgiiats lioin the .ijipotpn.ne .'Utjnil s,|_i.,Jv : 
supplying lo the a.s.Mieiaitd I in;. Jrivtr 74, 

In each of the abitw-dcscribetl enil>odimenis ihe nrr'^ ..• 
lalches which are prctt^rammed .so ihai some of ihe l)l-l "s or 
lalches are set to a 'I' level upon inniahsaiicn nt* ilu- 
controller (whilst other l)i-T's (»r latches are set lo .m o' 
level) can p.KtUiined in one -M l(-*.M':ons s|: • n 
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RGS. lla and 116. In Ihe example of FIG. i\a, ihe 
programmed DFF's or latches are located towards the end 
77 of the shift register 78. and a connection 79 is made from 
the output of the last DFF to the input of the first DFF of the 
shift register 78, thus increasing the routing overhead. This 5 
is probably the best location when the number of pro- 
grammed DFF*s or latches is large. However, if the number 
of programmed DFF's or latches is small, ihc altcrnaiivc 
arrangement of FIG. lib may be used in which additional 
DFF*s or latches 77' are provided at the beginning of the 
shift register 78, thus avoiding the need for a long feedback 
connection at the expense of requiring additional DFF's or 
latches. 

The above -described distributed controllers in accordance 
with (be invention are particularly suitable for use with 15 
halMine-at-a-timc driving schemes as described in British 
Patent Application No, (96056 Sl^). FIG, I2a diagram- 
matically shows an AMLCD 80 of N rows and M columns 
utilising such a driving scheme based on split scan lines. In 
this case each row of pixels within the display has two scan 20 
Unes 81 a nd 82. the scan line 81 connecting the gates of the ^ 
ThTs of the left hand group of pixels to a left hand scan line 
d river circuit 83 and the scan line 82 connecting the Rates oC 
the I h r's of the right hand group of pixels to a right hand 
scan ime dnver circuit 84 . Furth gr"^"''^ a t ^^ 'a line drive 
ci rcuit 85 is connected to the data lines 86 of the display. The 
st ructure of the display is as shown in FIG, la, lor cxamplcT 
Th e two scan line driver circuits 53 and 84 generate < iig pal*; 
ojjt of ph ase ^ith one another by half a line period, an d the 
d riving^ Mich ^ >H'gptay y^ iW i>e hnetlv described below^ to 
wit h reference to the timina diagram of FIG. 12/> . 

Con-sidering two adjacent rows n, n+1 within the display, 
the data for the left hand group of pixels of the row n is 
sampled in an initial sampling period, and the scan voltage 
Ln is then activated so that the left hand line drivers of liic 35 
data line driver circuit 85 charge the left hand group of pixels 
of the row n, whilst at the same lime the data for the right 
hand group of pixels of the row n is sampled. The scan 
voltage Ln is then deactivated and the scan voltage Rn is 
activated so that the right hand line drivers of the data line 4(; 
driver circuit 85 charge the right hand group of pixels of the 
row n, whilst at the same time the data for the left hand group 
of pbcels of the next row n+1 is sampled. The scan voltage 
Rq is then deactivated and the scan voltage Ln+1 is applied j 
to the left scan line 81 of the next row n+1 so thai ihe left 45 
hand line drivers charge the left hand group of pixels of ihe 
row n+1, whilst at ihc same time ihc data is sampled lor ihc . 
right hand group of pixels of the row n+l. Such interleaved 
sampling/driving is then continued wiih the scan voltage 
Rd+1 being applied to Ihe corresponding right .scan line 82, 
and so on. 

The reason for the suitability of the described distributed 
controllers to such a drive .scheme is due to the lime 
sequential operation of the daia line driver circuit 85. During 
such operation each driver stage may he sampling input 
video data, performing digital -lo-analoguc conversion or 
holding a data line voltage. However, during one line period, 
there is not one instant when all the .stages have slopped 
operating and all the line data voltages are readily available 
to be transferred 10 the pixels. For this reason a split scan line 
driving scheme is used as described above, or alternatively 
a swiichable data line bank driving scheme is used as also 
described in the above-mentioned British patent application. 
A key condition for correct operation of a digital data line 
driver circuit for such a half-line-at-a-time driving scheme Ls 
that the D/A conversion and data line charging must be 
completed within half a line period. This also means that the 



number of combinations t»f ci^ntrol signals that can he 
pre-programmed into the distribuieil controller is 2*' 

When a distributed com a) Her in accordance with (he 
invention is to be used with such a ha II -line -ai -a -time drive 
.scheme, it i<; necessary in eoncrale o>iitrn| **imi:(l< ^^\' rel;i- 
lively low Ijrequency with respect to the clock Irequency. In 
the ca.sc of the split stan line drivini; sihciUL des*.! llvtl 
alxtvc, I'ur example, a ohiIioI viciial ul' d.itiMc ihc inr^ 
tVequency i.s icg- .iireJ in aclivale llie IlIi aiki iti;hl li.nul >^.a\\ 
li ne drivers 83 a iTd84 wiihin one line period . Nuch a conin •! 
signal could Ix- generated hv et.tnvxniK»fMl cnnirul ie<.ti- 
niques using a counter to divide the clock I'requency and 
combinational logic as described with reference to l"Ki. 5^/ 
above. Howe ver a disiribuied eonirnller VP it) aecorddiKv 
with a fourth einhtHlinienl of the inwMil inn, :is <hi'\\ -i :n \ '\( i 
I3fl, aiuld alternatively be u.sed. 

As shown in the enlarged tieiail oi the coiiimller 9(1 hi nic 
lower half of I'lG. I3f/, the atniruller 90 includes a sliili 
register 91 composed of M Ofl' s 92. and a.ss<)ciiiled pattern 
detection logic 93 whicli i.s u.setl U\ deled when .m Klenii- 
fiable signature prograniineil intu the shifl rtL^.'-sicr 91 is 
present ai a particular location within the shift regisie.*- 91 in 
order to determine the insiani ai \vhich ihe retiuircd (.'utiirt-! 
signal makes a iransitiim. In a simple example, ilie itiemi- 
liable signature issimph tun • I" levels in vuccessivHi uhi*.!; 
are preset in the shift register 91- in the maiinei JesoHnJ 
above, l-urlliernuire the [)alterti tleteetitm lugie 9.^ iiieliivle>. 
an AND gate connected it) Ihe outputs of successive l)l-l-*s 
at a localitiii close \o Ihe niiJdie of ih\. sliifi .-tjiXlL: 91 .\t 
the expense of increased complexity of the paiiern deiecii(^n 
logic 93, the signature l»* be detected caii Iv nUKk iikiilu si 
to the signal control paiiern u-tihni tlu- shift leuisiti 91 ^. 1 
that no alteration 10 ihc internal paiiern of ihe shift register 
91 i.sinfaci requiretl. Hie timing diagram «.tf I Hi. 13/'sl/ov\s 
ihe SSYNC signal ^eneialed l\v the palteni ,k!v».lnMi 1%.^ 
93 which, by virtue of the fact thai the Uigie 93 inetiides a 
further AND gate having one input coniiLCiec! ;o the I IS^'NC " 
line and ihe other input connected to the tmiput of the lirsi 
AND gate, includes pulses corresponding both \o liie pulses 
of the ll.SYNC sign:il ;ind to del eel ion of the signature i\s iIk 
first AND gate which pnis Kles an output w hicli is liiL:.h f.-f 
a period equal to the pixel data rale (so ihai the pulse u kith 
of these pulses is et|ii;d to the witltli of the elvk puKcs^ 

FIG. Ushtiws an AM I. CI) KM) utilisinit a halt -hiic-ji -a- 
lime driving scheme based on split se*an lines iicnerally as 
described aKn-e witti reference to l id \Zu and iik t»r[ioi .ii - 
iilg left and iii:ln lijiiil svad Imc tli A ei cneutis IIM .uu: lUj 
and a digital dala line driver ctrcuil lOJ ineor[>< nal rn*.; a "" 
distrihuled coiitrolkr MM in accortlanee with tiK in\\MlH'n 
as will he dc.^CTlhCd in mt>re tielail heknv. The ni:if:i Nf^^iuN 
which are received by the controller 104 are ihe hori/(pnial 
line synchronisation 'iienal HSYNT. the Hat panel video 
clock signal I HVDC K (having a trequeiicy equal to the pixel 
data rate) anil the Hal p.mel display cnal^le sii^n.il I I'D! . In 
the parliculir eintHKlniie:!! l* • l>e desei (l»ed w <'f uU'l h t i * 
l lCi. 14, the coniiolki 104 tvceAL.s a UnilKi- 19 oiu.Uii 
signals, comprising Ihe Irani c synchronisai ion sign.il 
VSYNCandlhe 3xMU'.H input data siuna's. The .on'rolier 
104 generates contr ol signal s lo j^ ihe hqe drivers ol each 
colurnn using a ccmihmaiitm of ihe technitiues descnlyd 
with relereiice k) l UlS. la and Ih. jtid S/>. ami .md 
iVfrmie lorm ol a sin it icuislt r imc( ^ pt 'l alMiy. ;i sigii.d v-. :\ • ! 
pattern 105 so as to i^enerate control ^i^naK for the daia 
driver .stages 106 ol'the djU: line dnwi «.irci:ii 103 aIkii 
also includes a digital data .sample-and-shil't arra\ 107 (.is 
described in Briti.sh Patcni Applicaii<ui No. f'Hi(l55 SI Ij) 
and serial I) A convv.rtcrs lOS. 
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The programmed DFF's defining the signal conlrol pat- 
tern 105 of the controller 104 arc located towards the end of 
the shift register and define an initial slate 
1100010001000100010001 (reading from right to left). Fur- 
thermore the output of the last DFF is connected to the input 
of the first DFF of the shift register. FIG. 15 shows a data 
driver stage 106 of the digital data line driver circuit 103 in 
more detail. The digital data driver stage 106 for each 
column comprises a digital data sample-aod-shift array 107 
and a serial D/A converter 108 comprising a series of DFF's 
109 and associated 2:1 multiplexers 110 (switches) corre- 
sponding in number to the RGB data lines. The control Icr 
104 also contains local sequential logic 11! in (he form of a 
sample/toggle flip-flop for each data driver stage which is sei 
to 0 by the HSYNC signal. 

When set to 0 the logic 111 connects ihe DFF's 109 of t he- 
array 107 directly to ihe RGB data lines by means of ihc 2: 1 
multiplexers 110. During subsequeni clocking ol the con- 
troller 104, the programmed T levels within the shift 
register circulate and at some stage the first M ' in the signal 
control pattern 105 reaches the relevant data driver stage 106 
and the output A of the relevant DFF 112 of the controller 
104 goes high. This firstly causes the RGB input data to be 
sampled by the DFF's 109 of the array 107, and secondly 
causes the sample/shift latch to be toggled so that the 2:1 
multiplexers 110 disconnect the DFF's 109 from the RGB 
data lines and instead connect the DFF's in a cascaded chain 
for shifting the stored data to the DIA converter 108. The 
generation of pulses at the output A in response to clocking 
by the FPVDCK signal results in shifting of the stored data, 
as shown in the timing diagram of FIG. 16, as required for 
conversion by the serial D/A converter 108. 

FIG, 17 shows an algorithmic switched capacitor D/A 
converter 108 usable in such a digital data line driver circuit 
103. Since the operation of such a D/A converter 108 is 
known and is not relcvjoi to an undersi;inding of the 
operation of the distributed controller 104 in accordance 
with the invention, the operation of the D'A converter 108 
will not be described in detail. All that is necessary is to 
describe the conlrol signals reset by the Reset line going 
momentarily high. Then for each digital bit of the conver- 
sion three separate control signals are required successively, 
namely a Data bit signal, a Tran signal and a Half signal. The 
Tran signal and the half signal are conlrol piilse.s, which 
must not overlap, and which correspond to the output signal 
of B and D of other DFF's 112 within the controller 104 
which are routed back to the data driver stage 106 as .shown 
by the broken lines in FIG. 15. The required timing signals 
for the converter 108 are shown in FIG. 16. 

What is claimed is: 

1. An active matrix drive circuit comprising: 
a clock element arranged so as to generate a clock signal 
CK; 

a shift register including a chain of control .shift elements 
having respective outputs; and 

a series of driver stages coupled to said t)ulputs and 
controllable by control signals for sampling an input 
signal and for supplying the sampled signals to a 
corresponding scries ol tines, 

wherein each of the driver stages Is associated with a 
respective one of the control shift elements and is 
locally controlled by a plurality of different control 
signals derived from signals generated by said one 
control shift element and/or a least one local control 
shift element in the vicinity of .said one conlrol shift 
element in the shift register in response to clocking o\' 
the shift register by the clock signal (X, and 
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the shift register includes a chain of programmed shift 
elements having ouiput.s which ;ire sci i»> tie tine :i 
control signal pattern containing more ilwn one tvcur- 
rence of each logic state, and each of the dri\ er Mages 
5 is locally controlled by at least one control signal 
generated as a result of the conlrol signal pattern 
appearing at the output ofsaid one control shilt element 
on clocking of the ^hili regi.sier by tin- clntk ml^m.iI 
2. An active matrix drive circuit accortliiig to claim I, 
10 wherein each of the driver .stages is locally controlled (>y al 
leasi one conlrol siiinal i;enc rated by <:\'h\ one conliul shift 
element and al least oik lurther coiiir(.»l sigiMl geueraleJ In 
at !ea.st one control shift element immediately adjacent to 
said one control shift element in the shift register. 
15 3. An active matrix drive circuit acct^rding to claim 2. 
wherein each of the ilraei' ^;aJ;e^ in IticalK ■iili*'!kvl !'\ ii 
least one Cinitrol sij.tial in. ik':':»»-vi' N.iid cik- iri;. ' ■s! ^1' 
clement, at least one further control signal generated by at 
least one local control shift elemeni immediately preccdinii 
:o said one local conlrol shift element in the shil'i ivgi.'-ier. jiul 
at least one further conirctl signal t:e:u ratcd In- at .uk 
control shift elemeni immetliately fol lowing said one control 
shift element in ihe shift register. 

4. Ail active matrix drive circuit coniftri.sing: 
a clock element arranged so us to i^enerate a clock signal 

CK; 

a shift rei;isier inchrtlin^ a ch'tin »irconl'(iI ^\}'\\\ • K iiu-rs 

having respective outputs; and 
a series of driver stages coupled to .saiii outputs and 
controllable by control signals for sampling an inpui 
signal and for supplying the sampled sigiuis to a 
corresponding series tif lines, 
wherein each of the driver stages is a.ssciciated with a 
respective one ol' the cnntr«il sliil! eie^K■:t^^ and is 
locally conirtilled hy a pluraiii\ ol o'lllcreitt control 
signals derived iVom signals generated by siu'd one 
control shift elemeni and, or a least one local control 
.shift element in ihc stcinitv of s.iid inn. cui!- : slrif: 
element in the ^hit'l register in re.sfutn.se lo Liucking t i 
the shift register by the clock signal CK, and 
the shift register includes a chain o( program nietl shit'i 
elements having outputs which m\ s(.i i.- ii-x- i 
conircil signal pattern on receipt ol a reset smnal, .nul 
each of the driver si. iges t> Uicali\- cnnirolied in .ii le.ixi 
one control signa! ucnerjted i»> said one *.<tnih I >inn 
element as a result of the control signal pattern a[>pear- 
ing a I the output tif said one control shilt elenien! <tii 
clocking of the shift rLcister by the clock vign.il 

5. An active matrix drive circuit accf^rding lo claim 4. 
wherein ihe progr;m''r^^(i ^'lif; k'lUi^K c "Vi^-'n • i -.••< - 
of control shil'i elemenis k^catetl in an end por'.ion ot :1k nIhI! 
register, and ihe output c»f the last contrtil shift element is 
connected ttt the inpin of the lirst control shift elemeiti . t|'i lu- 
sh i ft register 

6. An active matrix tirive circuit according to *.laiin 4. 
wherein the programmed shift elements are additit)nal to the 
conlrol shifl e!ement< and are local etl in a |M^rli<'n if'.ht. shift 
register precednig iIk coinr<i! stnli elemeiti-N ■»» ;im; t.k 
output of the last prtigrammed shifi element i.s connected u* 
the input of the lirsi control shift element 

7 An active matrix dri\e circuit accnrdiML: l-t I. 
wherein ejch of the dri\er .^Kigcs is l.ical!\ ..'ti;i 'ilwl 'n 
least one control signal generated by combmational or 
sequential local logic means as*;<iciated with saiti one c.>nt.ro| 
shift element in respon.s*. tti inpul >.icnals [utin >aul -mil 
control shill elemeni ano or .it kas; .>i\ loc.il cnir. 1 nI,j:i 
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elemeol in ibe vicuiity of said oac cunirul shift elemcni in 
the shift register. 

8. An active matrix drive circuit according to claim 7, 
wherein the outputs of said one control shift element and at 
least one local control shift element in the vicinity of said s 
one control shift element are coupled to inputs of said local 
logic means associated with said one control shift element. 

9. An active matrix drive circuit comprising: 

a clock element arranged so as to generate a clock signal 
CK; 

a shift register including a chain of control shift elemenls 
having respective outputs; and 

a series of driver stages coupled to said outputs and 
controllable by control signals for sampling an input 
signal and for supplying the sampled signals to a 
corresponding scries of lines, 

wherein each of the driver stages is associated with a 
respective one of the control shift elements and is 
locally controlled by a plurality of different control 20 
signals derived from signals generated by said one 
control shift element and/or a least one local control 
shift element in the vicinity of said one control shift 
element in the shift register in response to clocking of 
the shift register by the clock signal CK, 25 

the shift register includes a chain of programmed shift 
elements having outputs which are set to define a 
control signal pattern on receipt of a reset signal, and 
local pattern detection means connected to the output of 
at least one control shift element is adapted to generate 30 
a control signal in response to detection of the control 
signal pattern when the control signal pattern appears at 
the output of said one control shift element as a result 
of clocking of the shift register by the clock signal. 

10. An active matrix drive circuit according to claim 1, for 35 
an active matrix device, comprising an active matrix of 
control elements disposed at intersections of data hnes and 
scan lines, wherein each of the driver stages is arranged to 
supply a data signal to a respective one of the data lines in 

a line period determined by a scan line driver 40 

11. An active matrix drive circuit according to claim 10, 
for a digital active matrix device, wherein each of the driver 
stages is arranged to sample a digital input signal and to 
store the sampled signal in a storage clement, and digit al- 
to-analogue conversion means is provided for convening the 45 
sampled signal to analogue formal prior 10 supplying the 
signal to the corresponding data line in response to a control 
signal .supplied by sample/shift means. 

12. An active matrix drive circuit for an active matrix 
device having an active matrix of control elements disposed 50 
at intersections of data lines and scan lines, comprising: 

a clock element arranged so as to generate a clock signal 
CK; 

a shift register including a chain of control shift elements 
having respective outputs; and 



a scries of driver Mages cutiplcd to .said ouipuLs and 
controllable by control signals for samplini; an inpni 
signal and for supplying the sampled signals to a 
corresponding series of lines, 

wherein each of the driver stages is a.s.sociaied with a 
re.sjieciivc one of the con I ml .shift cicincnis and is 
locally controlled by a plurality of difi'erent control 
signals derived from signals generated by .said one 
control shift element and/or a Ica.st one local control 
shift element in the vicinity of said one control shift 
element in the shift register in rtS|ionse 10 c!ix*king of 
the sliifl register by the ck^ck signal CK, 

each of the driver stages is arranged to supply a data 
signal to a respective one of the data lines in a line 
period determined by a scan line driver, and 

for sequentially addressing rows of control elements in 
successive line periods, each of the driver stages com- 
prises a hrst actuator arranged so as to sample and store 
the input signal to produce data signals for a Hr.si group 
of control elements along a row in a first subperiod of 
a corresponding line period, the first aciualor hcioti 
further arranged so as to supply said data signals 10 the 
first group of control elements in a second .subfKricKi of 
said line period, and a second actuator arranged sn as 
to sample and store the input signal 10 produce data 
signals for a second group of control elements ait)ng 
said row in a second subperiod and for .supplying said 
data signals to the second group of control elements in 
a subsequent subperiod. 

13. An active matrix drive circuit comprising: 

a clock element arranged so as to generate a clock signal; 

a shift register including a chain of control shift elements 
having respective outputs; and 

a series of driver .stages coupled to .said outputs and 
controllable by control signals for sampling an input 
signal and for supplying the sampled signals to a 
corresponding series of lines, 

wherein each of the driver stages is as.sociaied with a 
respective one of ifie control shifl elemenls and is 
locally controlled by at least one control signal derived 
from said one control shift element, the sliifi register 
includes a chain of programmed .shift elemenls having 
outputs to define a control signal pattern cttniaining 
more than one occurrence of each logic slate, and each 
of the driver stages is locally controlled by at least one 
control signal generated as a result of said conir(t| 
signal pattern appearing ai the output of said one 
cxtnirol .shift element on clocking of the shifl register by 
the clock signal. 

14. An active matrix liquid crystal display incorporating 
an active matrix drive circuit according lo claim I. 
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